Objective. The GRIF automated feedback system produces real-time comments on the appropriateness of diagnostic tests ordered by general practitioners (GPs) based on recommendations from accepted national and regional practice guidelines. We investigated the experiences of GPs with this system and, more speciWcally, with the recommendations produced by the system as well as their views on using this system in daily practice.
Practice guidelines are becoming more and more common in the medical profession [1] . However, implementation of these guidelines and adherence to them in daily practice are still problematic [2] . Some of the reasons for physicians not using or following practice guidelines are lack of awareness of the content of a guideline and lack of familiarity or agreement with these guidelines [3] . Different strategies have been developed to improve the adherence to practice guidelines in daily practice [4] . In recent years, automated feedback systems, a kind of decision support system, are used to remind physicians of the content of practice guidelines during patient consultation. Automated feedback systems are being developed to advise physicians on diagnostic test ordering [5] [6] [7] , prescription of drugs [8] [9] [10] [11] , and preventive actions in an ambulatory setting [12] .
We developed and validated the so called GRIF real-time automated feedback system [13, 14] . GRIF is the acronym for the Dutch phrase 'Geautomatiseerde Reminders als Interactieve Feedback' (Automated Reminders as Interactive Feedback). The GRIF system is intended to stimulate adherence to practice guidelines in diagnostic test ordering. This system was developed to support and eventually replace the written feedback that has been given by the Transmural Care Unit (TCU) of the Maastricht University Hospital since 1985 [15, 16] . Twice a year, general practitioners (GPs) in the Maastricht region receive personal feedback (based on accepted and evidencebased regional practice guidelines) on the adequacy of their test ordering behavior. Although this method proved to be effective and was appreciated by the GPs [16, 17] , a more direct and less laborious method would be preferred.
The GRIF system contains an electronic request form to be Wlled in during patient consultation. It produces comments about the appropriateness of the requested diagnostic tests ordered before the request form is submitted to the TCU [13] . The present study was carried out to investigate experiences of GPs with the GRIF system itself and, more speciWcally, with the recommendations produced by the system, as well as their views on the use of such a system in daily practice. We were also interested in the reasons for non-acceptance of the recommendations presented by the GRIF system. These reasons may be helpful in tracing factors that inXuence the implementation process and may assist in Wnding better strategies to implement guidelines and ways to provide indications on how to adjust such practice guidelines.
Materials and methods

The GRIF system
The GRIF system consists of Wve parts: a knowledge base, an order entry module, a module that provides reactive support (i.e. the recommendations), a module that provides passive support, and a database. The order entry system is not yet fully integrated with the Electronic Patient Record (EPR) of the GPs, but has an online connection with the EPR via an intermediate database. Relevant patient-related data (name, address, date of birth, gender, medication, and existing problems) are being transferred from the EPR to the GRIF system to prevent unnecessary double registration of patient data.
Additional medical patient data (such as working hypotheses, signs and symptoms, and the reason for the test order) and the desired diagnostic tests have to be entered into an electronic order entry form. The medical terms have to be entered using International ClassiWcation of Primary Care (ICPC) codes [18] . A search program assists the user in the selection of the appropriate terms that are associated with an ICPC code.
The knowledge base in which the recommendations are stored contains 150 rules (recommendations) derived from regional and national practice guidelines for treating various medical problems [13] . The input for the conditions of the rules may contain a requested test, medical patient information, personal information (age and gender), or a combination of these types of information. The knowledge base of the GRIF system contains roughly Wve types of recommendations: A recommendation or point of advice is presented to the GP whenever a test order is not in accordance with the guidelines (reactive support module). The GP can indicate whether he or she wants to follow or ignore the recommendation. If the GP accepts a recommendation the corresponding request form will be changed automatically according to the advice. When needed, the system is able to provide additional context-speciWc background information about the guidelines when a recommendation is presented (passive support module).
Data collection
We collected data during an experiment in a laboratory setting (laboratory experiment) and during a trial in daily practice (Weld trial). The laboratory experiment was conducted at our university. During the Weld trial the participating GPs used the system in their own practices. In the laboratory experiment we confronted 24 GPs with the recommendations generated by our system. We randomly selected for each GP a set of 30 request forms that he or she had submitted earlier to the Transmural Care Unit. Patient information and the requested tests were entered into the automated feedback system by one of the authors (R.B.). The request forms were made anonymous to prevent knowledge of the test result inXuencing the GPs' judgements.
Each GP had to go through the cases one-by-one using the GRIF system within a limited period of time to simulate the time pressure during patient consultation.
We added a pop-up window to the system that appeared when the GP rejected a recommendation. In this window the GP had to describe, in free text, the reason for the decision to reject the recommendation. The laboratory experiment was conducted in four sessions, with four to eight GPs. After each session, we measured user-satisfaction with the GRIF system using a questionnaire based on the IBM computer usability satisfaction questionnaire [19] . The questionnaire consisted of 15 items in total: six about usability, four about user satisfaction, three about the expected change in test-ordering behavior, and two about the GRIF system compared with the written feedback method. The changes in the IBM scale and the questions that are added to the questions in the IBM scale are listed in Appendix 1. All items were categorized on a Wvepoint Likert scale, where 1='strongly agree' and 5='strongly disagree'. Finally, a semi-structured group discussion led by one of the authors (R.W.) was conducted to obtain the GPs' opinions about the GRIF system, its recommendations, the obstacles for its use in daily practice, and suggestions for improvement. The discussions lasted 30-45 min.
In the Weld trial, the GRIF automated feedback system was introduced and used in 21 practices (32% of those eligible to use the system). Of these practices 10 practices with 11 GPs participated for ≥1 year. Fourteen GPs from 11 practices dropped out of the Weld trial; 10 due to technical problems (mainly caused by an unexpected revision of the GPs' information system by the vendor), three because they could not (or did not want to) integrate the routine use of the system into their busy daily practice, and one because he suffered from a protracted illness during the trial.
A questionnaire about user satisfaction with the automated feedback system was sent to all initial participants of the Weld trial. We used the same questionnaire as for the laboratory experiment. In-depth interviews were held by one of the authors (M.D.) in the GPs' practices. The themes covered in the interviews included opinions about the automated feedback system, problems during the intervention period, and experiences with the recommendations produced. The interviews usually lasted 30-45 min.
Analyses
We calculated the sum scores for usability, user satisfaction, expectation of change in ordering behavior, and opinions about the GRIF system versus written feedback (Maastricht region only). Median scores and 25th and 75th percentiles for each sum score were determined. Pair-wise differences between the three groups (laboratory experiment participants, Weld trial participants, and Weld trial drop-outs) were tested using the Mann-Whitney test.
The group discussions and interviews were audio taped, transcribed, and analyzed using QSR Nud*IST ® , a software package for analysis of qualitative data. The transcriptions were analyzed by selecting and reorganizing responses according to themes by one of the authors (R.B.) [20] . Table 1 . The random selection of request forms for the laboratory experiment contained 4196 tests (mean 5.6 tests per form) and in the Weld trial 10 139 tests were ordered (mean 4.1 tests per form).
Results
GP characteristics are listed in
User satisfaction questionnaire
All GPs participating in the Weld and the laboratory experiment, and 86% of those GPs who dropped out of the Weld trial completed the questionnaire. The results presented in Table 2 show that not all GPs completed the whole questionnaire. All questionnaire aspects were considered positive by the laboratory participants (median scores and 75th percentile <3.0). Both Weld trial participants and drop-outs were less positive about measured aspects (user friendliness, user satisfaction, expected change in behavior, and automated versus written feedback). The drop-outs were even more negative about the GRIF system compared with the written feedback (median scores and 75th percentile ≥4.0) ( Table 2) .
Compared with those GPs who took part in the Weld trial (participants and drop-outs), GPs in the laboratory experiment were signiWcantly more positive about user friendliness (P < 0.01 for both drop-outs and participants) and more satisWed with the GRIF system (P < 0.01 for drop-outs and P = 0.02 for participants) (Table 3) . Also, opinions on the inXuence of the GRIF system on the GPs' test-ordering behavior (P=0.02 for drop-outs and P < 0.01 for participants) and on substitution of the GRIF system for the written feedback method (P = 0.03 for drop-outs and P < 0.01 for participants) were signiWcantly different compared with those of the laboratory experiment participants. No signiWcant differences were found for the above-mentioned analyses between the GPs who dropped out of the Weld trial and the GPs who used the GRIF system for ≥1 year.
Opinions and experiences
The results of the group discussion (laboratory experiment) and the in-depth interviews (Weld trial) are divided into: (i) views about and experiences with the GRIF system; (ii) experiences with recommendations (accuracy and effectiveness); and (iii) substitution of the GRIF system for the written feedback method. All discussion groups regarded the feedback during the test-ordering process as a major advantage. The respondents considered the system to be more effective than the written feedback because it is possible to adjust the request form immediately based on the feedback. GPs expected this to have a stimulating effect on their test-ordering behavior. In contrast, feedback and the critical reXection on one's own test-ordering behavior were only mentioned as a positive issue a few times during the interviews (Weld trial). One respondent stated 'The comments of the automated feedback system were helpful to me in explaining to the patient why a particular diagnostic test is not necessary'. GPs in the Weld trial often mentioned the background information available in the GRIF system as being a positive aspect of the system. However, almost all GPs admitted that they did not read this background information during patient consultation. In the Weld trial, an appreciated feature of the GRIF system was the readability and improved structure of the printed request form.
The dependence of the recommendations on the amount and quality of the patient's medical information provided was seen as an important problem by most GPs. A few respondents mentioned that instead of being corrected by recommendations of the GRIF system, they preferred to be guided by the system. A majority of the Weld trial participants mentioned that the GRIF system took too much time during patient consultation due to the coding of the patient's medical information, the slowness of their own computer system and searching for difWcult to Wnd, infrequently requested tests. Another negative aspect mentioned was the need to enter a speciWc and concrete working hypothesis on the electronic request form.
Experiences with recommendations. Almost all GPs in both trials
found that the recommendations presented were correct in most of the situations. Some GPs in the Weld trial thought that the use of the system had not changed their test-ordering behavior. An important reason was that GPs grew accustomed to the recommendations and ignored them, sometimes even without reading the recommendation. Only three Weld-trial GPs said that recommendations given repeatedly sometimes irritated them. Five GPs said that their behavior had indeed changed. They mentioned that they omitted some previously routinely ordered diagnostic tests such as leukocyte counts and liver tests.
Substitution for written feedback. All GPs indicated that they considered the GRIF system a good alternative to the written feedback. Some GPs mentioned that the GRIF system could be an additional method for providing feedback, but could never replace the personal character of the written feedback. Because of the anonymous character of the automated feedback system it was regarded as having less impact on their testordering behavior. A few GPs mentioned that they missed the overviews of tests ordered in a particular period of time that were present in the written feedback.
Reasons for non-acceptance of recommendations
Five main themes emerged from the data in the laboratory experiment and the in-depth interviews of the Weld trial. In the laboratory experiment the GPs had to indicate a reason for non-acceptance each time they ignored a recommendation of the GRIF system (Table 4) .
Practice guidelines. If the GPs in the laboratory experiment ignored a recommendation, they mostly did so because they simply did not agree with the recommendation. A few times they admitted they were not familiar with a particular practice guideline. GPs interviewed in the Weld trial indicated that they agreed with the majority of the recommendations. Three GPs ................................................................................................................................................................................................................. Provided information. A number of recommendations indicated that a test was ordered that did not accord with the guidelines because there was no indication of a particular disease or complaint. GPs in the laboratory experiment frequently indicated that they did not mention the particular disease or complaint on the request form, but they did have one in mind. In addition, the amount of information they provided and its quality were sometimes not sufWcient to assess the appropriateness of the recommendation. In a number of situations a recommendation was presented incorrectly according to the GPs in both the laboratory experiment and in the Weld trial. According to the GPs, the automated feedback system did not take relevant information (such as the duration of the complaint) into account, and this was most frequently the cause of an incorrectly presented recommendation. In the Weld trial, GPs also mentioned that they did not code all relevant medical information (mostly concerning complaints) using the ICPC-coding module of the GRIF system due to lack of time or because they could not Wnd a satisfying corresponding ICPC description.
Medical considerations. Relatively frequently, GPs in both trials indicated that they wanted more information about the patient for check-up purposes or preventive screening. A recurring comment of several GPs was: 'I want to have a general impression of the patient's health status'. In the laboratory experiment, twice a GP could not agree with the recommendations presented because a specialist had advised her to order the test.
GP and practice characteristics. In some instances, GPs wanted to order tests although they knew this was not in accordance with the guidelines. They needed more certainty to exclude a particular working hypothesis; for example 'I just don't dare to rely on a rectal examination only, when I suspect a benign prostatic hyperplasia'.
In a few situations, the GPs also indicated that they did not adhere to the advice of the recommendation for logistic reasons. For example, when a non-fasting glucose was ordered instead of a fasting glucose, one of the GPs stated 'The elderly patient lives in a retirement home. The time the blood sample is taken depends on the geriatric helper'.
Patient. A minor part of the reasons for rejection of the recommendations concerned test orders that were made at the patient's request. In the Weld trial the GP's relationship with the patient was mentioned more often than in the laboratory experiment. One GP stated 'Yes, I easily go along with the patient. I Wnd it difWcult to say no to the patient and explain why I do not order the test. I'm left with a strange feeling about it'. Another GP stated 'I order a few simple and general diagnostic tests to break out of an impasse'.
Discussion
We focused on two aspects of the use of the GRIF automated feedback system: user-satisfaction and the reasons why GPs reject the recommendations. Table 4 Reasons for non-acceptance of the comments of the GRIF system and the number (and percentage) of times the explanation was given in the laboratory experiment Reasons for non-acceptance n (%) A relatively low number of GPs participated in the Weld trial, which may have inXuenced the reliability of the quantitative results of the questionnaire. With low numbers there may be a higher chance of selection bias of results due to the selection of GPs included in the study. The chance of such a bias is low in our laboratory experiment, as a large majority of those-randomly selected-GPs immediately agreed to participate. However, due to a relatively high number of dropouts in the Weld trial, the chance of selection bias is present. The qualitative results on the experiences with the GRIF system and the reasons for non-acceptance of the system's recommendations presented in this paper were less inXuenced by the low number of participating GPs [20] .
The questionnaire showed that the GPs in the laboratory experiment were positive about the GRIF system, and certainly more positive compared with the participants and dropouts in the Weld trial. The use of the system in the laboratory experiment differed from the use in daily practice in a number of aspects. The GPs in the laboratory experiment did not have to enter and/or code any medical patient data or diagnostic tests, and they did not have to print the request form. Measurements in daily practice showed that it took GPs a median time of 77 seconds (25th and 75th percentiles, 49 and 121 seconds, respectively) to complete the order entry form of the GRIF system [21] . The extra time that the use of the system and the coding of medical information takes, in combination with the relatively short time for patient consultation, is seen as the main obstacle to the use of the GRIF system in daily practice. Coding medical terms using ICPC codes takes time, and an additional disadvantage lies in the fact that the GP cannot translate the entire medical context of the request for diagnostic tests into such codes [22, 23] .
Although most of the respondents in the laboratory experiment were positive about the written feedback method, they all thought that the GRIF system could provide a good alternative. Some GPs preferred a decision support system that could give them more guidance during the test-ordering process. Our reactive system assesses the GP's decision afterwards, while other pro-active systems suggest a list of possibilities based on the patient's medical problem, such as the Bloodlink system [24] . Using a more protocol-based approach, the rules in the GRIF knowledge base and the GRIF system itself can easily be changed into a system that supports both approaches, allowing GPs to choose their preferred approach.
Also, the suggestion to add overviews of the tests requested and recommendations presented could be beneWcial to the whole feedback process. This is in line with the results of other researchers who have concluded that a combination of multiple interventions achieves a more adequate use of diagnostic tests [4, 25] .
Innovation may not only require user friendliness, but also (or mainly) information, user involvement in the design and development process [26, 27] , and change agents [28] . Change agents promote an innovation and can inXuence the opinion of others about it; the innovation being the GRIF system in our case. In this study we focus on user friendliness. However, in the design phase of the study other potential users were also involved and the system was introduced to the GPs during a symposium [13] .
Apart from medical reasons, other important reasons for non-acceptance of recommendations appeared to be the content of and disagreement with the practice guidelines, and the generation of general recommendations as a result of the poor quality of the patient medical information provided. GP characteristics such as habitual test-ordering routines, tolerance of diagnostic uncertainty, and attitude towards the guidelines also play a role in this process. Grol et al. identiWed that a positive attitude towards practice guidelines and their use in daily practice are important prerequisites for a successful implementation of practice guidelines [27] . External factors such as practice organization, costs of the tests, and time pressure are mentioned relatively less often. The reasons for ignoring recommendations presented in this study are also mentioned in other qualitative studies about the implementation of evidence in general practice [29, 30] and about test-ordering behavior speciWcally [31] .
Litzelman and Tierney [32] analyzed reasons for nonacceptance of automated recommendations in a hospital environment in more detail. They found that the recommendations were rejected because they were 'not applicable' (41%), 'reacted upon in the next visit because the physician was too busy' (41%), and 'were refused by the patient' (18%). Our results show that GP characteristics such as tolerance to diagnostic uncertainty and attitude towards the guidelines are also important reasons for non-acceptance of automated feedback messages. Van Wijk et al. [33] concluded that non-compliance with advice from an automated decision support system based on practice guidelines for diagnostic blood test ordering seemed to be partially based on the fact that GPs applied new medical insights before this knowledge was incorporated in a revision of the guidelines. In the present study, only one of the GPs mentioned this reason for non-compliance. The inXuence of the patient was mentioned relatively frequently in the Weld trial. The role of the patient, nowadays, is considered 'the key medical decision maker' in the decision process, and is becoming more and more important [34] .
One of our aims was to identify reasons why GPs rejected recommendations. Although these reasons are related to the content of the recommendations and thus the content of the guidelines, there may be more general reasons why GPs reject advice of automated feedback systems. To overcome resistance to guidelines and to improve adherence to automated advice presented, the reasons why GPs reject these must be clariWed. Reassurance of his/her own capacity to come up with the right diagnosis or treatment is a reason that requires an entirely different approach to overcome disagreement with the content of the guideline. During the implementation of guidelines, these different behavioral aspects need to be taken into account.
Conclusion
We conclude that it takes more than 'satisWed customers' for practice guidelines to be implemented through an automated system that provides feedback directly during the test-ordering process. In general, non-acceptance of the automated recommendations is mainly caused by not taking (or not being able to take) time to provide sufWcient information and by disagreement with the guidelines involved. Therefore, we recommend paying much more attention to one of the steps in the implementation cycle, namely the promotion of the guidelines, and the stimulation of a positive attitude towards the guidelines among users.
